Introduction {#S0001}
============

Cancer is the second leading cause of death in the word.[@CIT0001] Chemotherapy is still an important method to treat this disease.[@CIT0002]--[@CIT0004] However, chemotherapy has faced challenges, including multi-drug resistance and side effects.[@CIT0005]--[@CIT0007] Therefore, research on developing new drugs is still being promoted and is critical. Anti-tumor activity screening assay is the most popular as well as the first assay used in the anti-cancer drug discovery process.[@CIT0008]--[@CIT0010] To determine side effects of anti-cancer drug candidates, normal cells are used as control cells for the assay. The most common side effects of anti-cancer drugs is non-selective killing, whereby the drug kills both cancerous cells and normal cells of the patients. Therefore, the side effect index (SEI) values were used to demonstrate the extent of the side effects. The SEI values were calculated as the ratio of the IC~50~ value of the respective agent on cancerous cells to the IC~50~ value of the agent on normal cells. For a long time, dermal fibroblasts (DFs) from both humans and rodents were used as normal cell controls in almost all screening studies.[@CIT0011]--[@CIT0015] There has been no study to explain why fibroblasts were used in the studies herein. However, fibroblasts have been popular cells to study, and they are easy to isolate and expand for a long time. Moreover, many studies have applied these previous published protocols to future studies. After completion of some screening projects, we documented that SEI values are so variable; it seems that these values depend on the passage of the fibroblasts. To replace fibroblasts as the normal cell control, we evaluated the use of adipose-derived stem cells (ADSCs) as the normal cell control. This report aimed to report the initial findings to rationalize the use of ADSCs as suitable candidate cells to serve as a normal cell control in lieu of fibroblasts.

Materials and Methods {#S0002}
=====================

Cell Lines {#S0002-S2001}
----------

The HepG2 and MCF-7 cell lines were obtained from American Type Culture Collection (ATCC, Manassas, VA). They were grown in Dulbecco's Modified Eagle's Medium (DMEM), supplemented with 10% heat-inactivated fetal bovine serum (FBS) and 1% penicillin--streptomycin, and cultured in a humidified incubator with 5% CO~2~ at 37°C; all reagents were obtained from Thermo Fisher Scientific (Waltham, MA). Both cancer cell lines were authenticated by short tandem repeat (STR) profiling cell authentication services at Forensic Center of Ho Chi Minh City. The STR profiles from the center were compared to STR profiles of MCF-7 and HepG2 cells published on the ATCC website.

Adipose-Derived Stem Cells and Dermal Fibroblast Isolation and Proliferation {#S0002-S2002}
----------------------------------------------------------------------------

Dermal fibroblasts (DFs) were isolated from the foreskin using the previously published protocol.[@CIT0016] All patients provided informed consent for use of foreskin tissue in this research. The procedure for cell isolation was approved by the Scientific Ethics Committee of the Stem Cell Institute, University of Science, Vietnam National University Ho Chi Minh City, Viet Nam. Foreskin was stored in phosphate buffered saline (PBS) solution at 4°C and transferred to the laboratory for isolation and culture of fibroblasts. DFs were expanded to the 3rd, 6th, 9th and 12th passages, and used accordingly in some assays. The DFs were cultured and expanded in DMEM/F12 supplemented with 10% FBS and 1% penicillin--streptomycin in a humidified incubator with 5% CO~2~ at 37°C; all reagents were obtained from Thermo Fisher Scientific (Waltham, MA). The DFs at the 3rd passage were used to characterize fibroblast phenotype by flow cytometry for CD90 and vimentin expression.

Adipose-derived stem cells (ADSCs) were isolated from fat tissue using a previously published protocol.[@CIT0017] The stromal vascular fractions (SVFs) were extracted from the adipose tissues using the Cell Extraction Kit (Regenmedlab, Ho Chi Minh City, Vietnam), according to the manufacturer's instructions. SVFs were cultured to collect ADSCs in the flask using the ADSCult I medium (Regenmedlab, Ho Chi Minh City, Vietnam), which consisted of DMEM/F12 supplemented with antibiotic/antimycotic, epidermal growth factor (EGF), basic fibroblast growth factor (bFGF), and 10% activated human platelet rich plasma. ADSCs were subcultured and expanded to the 3rd, 6th, 9th and 12th passages. The ADSCs at the 3rd passage were used to characterize mesenchymal stem cell phenotype.

The population doubling levels (PDLs) of ADSCs and DFs were calculated at the 3rd, 6th, 9th and 12th passages. PDL refers to the total number of times the cells in the population have doubled since their primary isolation in vitro. PDLs were calculated as n = 3.32 (log UCY - log l) + X, where n = the final PDL number at the end of a given subculture, UCY = the cell yield at that point, l = the cell number used as inoculum to begin that subculture, and X = the doubling level of the inoculum used to initiate the subculture being quantitated. Both ADSCs and DFs were seeded at 2500 cells/cm^2^ in T-25 flasks. When the flasks reached 80% confluency, the cells were subcultured at 1:3 split ratio. The obtained total cells at the 3rd, 6th, 9th, and 12th passages were recorded to calculate the PDLs using the software EcoCyto-Population doubling level calculator ([<https://play.google.com/store/apps/details?id=com.PDL.Calc&hl=en>]{.ul}).

IC~50~ Values and SEI Values of Doxorubicin on HepG2, MCF-7, ADSCs and DFs {#S0002-S2003}
--------------------------------------------------------------------------

To determine IC~50~ values of doxorubicin on HepG2, MCF-7 and ADSCs, 2500 cells of HepG2, MCF-7, DFs or ADSCs were seeded into each well of a 96-well tissue culture plate one day before treatment with doxorubicin (Sigma-Aldrich, St. Louis, MO). The serial concentrations of doxorubicin used in this assay were: 125, 62, 30, 15, 7, 3, and 0 µg/mL (untreated). Each concentration was tested in triplicate. After 48 h of treatment with doxorubicin, Alamar Blue (R-7071; Sigma-Aldrich) was added to the medium to a final concentration of 10 µg/mL, and incubated for 1 hour. The fluorescence at 560 nm was recorded using a DTX 880 system (Beckman Coulter, Brea, CA). Each concentration was tested in triplicate. Experiments were independently repeated three times. Based on the IC~50~ values of doxorubicin on HepG2, MCF-7, DFs and ADSCs, we determined the side effect index (SEI) values. SEI values correspond to the non-selective toxicity of doxorubicin against DFs and ADSCs. The SEI value is the ratio of the IC~50~ of doxorubicin on cancer cells (HepG2 or MCF-7) to the IC~50~ of doxorubicin on normal cells (DFs or ADSCs).

Statistical Analysis {#S0002-S2004}
--------------------

Data were analyzed by GraphPad Prism software (Graphpad Software, Inc., La Jolla, CA) for the determination of IC~50~ values. All data were presented as the mean of triplicate experiments. Statistical significance was set at *P*\<0.05.

Results {#S0003}
=======

ADSCs and DFs Isolation and Characterization {#S0003-S2001}
--------------------------------------------

As the results, ADSCs were expanded and characterized using the minimal criteria for mesenchymal stem cells (MSCs); they expressed some particular markers of MSCs (such as CD44, CD73, CD90 and CD105) ([Figure 1E](#F0001){ref-type="fig"}--[H](#F0001){ref-type="fig"}) but were negative for CD14, CD45 and HLA-DR ([Figure 1A](#F0001){ref-type="fig"}--[D](#F0001){ref-type="fig"}). They also could be induced into adipocytes, osteoblasts and chondroblasts ([Figure 1J](#F0001){ref-type="fig"}--[K](#F0001){ref-type="fig"}). DFs were successfully isolated from the dermal layer of human skin. The DFs displayed the distinctive shape when adhered onto the flask surface and highly expressed CD90 (\>99%) ([Figure 1L](#F0001){ref-type="fig"}) and vimentin (\>99%) ([Figure 1M](#F0001){ref-type="fig"}).Figure 1The phenotype of ADSCs and DFs. ADSCs displayed the mesenchymal stem cell phenotype, being negative for CD14 (**A**), CD34 (**B**), CD45 (**C**), HLA-DR (**D**), and positive for CD44 (**E**) CD73 (**F**), CD90 (**G**) and CD105 (**H**). They also were differentiated into mesodermal cells including chondrocytes (**I**), osteoblasts (**J**) and adipocytes (**K**). DFs strongly expressed CD90 (**L**) and vimentin (**M**).**Abbreviations:** ADSCs, adipose-derived stem cells; CD, cluster of differentiation; DFs, dermal fibroblasts.

PDLs of ADSCs and DFs were determined at the 3rd, 6th, 9th and 12th passages. The results showed that the DPL values gradually increased in both ADSCs and DFs after the 3rd, 6th, 9th and 12th passages. The PDLs of ADSCs were slightly higher compared to DFs at the same passage. This was related to the fact that the total number of ADSCs obtained at 80% confluency was higher than that of DFs ([Table 1](#T0001){ref-type="table"}).Table 1PDLs of ADSCs and DFs at the 3rd, 6th, 9th and 12th PassagesPassagePDLADSCsDFs3rd9.809.666th14.5614.419th19.3119.1712th24.0723.90[^1]

IC~50~ Values of Doxorubicin on ADSCs, DFs, MCF-7 and HepG2 {#S0003-S2002}
-----------------------------------------------------------

IC~50~ values of doxorubicin were determined at different cell passages for both DFs and ADSCs ([Figure 2](#F0002){ref-type="fig"}). The results showed that at low passage (3rd) (PDL of 9.66 for DFs, and 9.80 for ADSCs), the IC~50~ of doxorubicin on DFs and ADSCs were not significantly different (12.17 ± 1.72 ng/mL for DFs vs. 12.47 ± 0.40 ng/mL for ADSCs; p \> 0.05). When DFs were continuously expanded to the 6th (PDL of 14.41), 9th (PDL of 19.17) and 12th (PDL of 23.90) passages, the IC~50~ values of doxorubicin significantly decreased (8.29 ± 0.78 ng/mL at the 6th passage, 5.87 ± 0.35 ng/mL at the 9th passage, and 3.43 ± 0.55 at the 12th passage; p \< 0.05). However, the IC~50~ values slowly changed for ADSCs. The IC~50~ values at the 3rd (PDL of 9.80) and 6th (PDL of 14.56) passages were nonsignificantly changed (12.47 ± 0.40 ng/mL at 3rd vs. 11.75 ± 0.36 ng/mL at 6th; p \> 0.05). Moreover, the IC~50~ values at the 9th (PDL of 19.31) and 12th (PDL of 24.07) passages were significantly decreased compared to the 3rd (10.65 ± 0.60 ng/mL at 9th, and 10.74 ± 0.37 ng/mL at 12th, compared to 12.47 ± 0.40 ng/mL at 3rd; p \< 0.05). The data also showed that the IC~50~ values of doxorubicin in ADSCs at the 9th and 12th passages were not significantly different compared to that of ADSCs at the 6th passage ([Figure 2](#F0002){ref-type="fig"}).Figure 2IC~50~ values of doxorubicin are different between the passages of DFs and ADSCs. The IC~50~ values of DFs were significantly decreased as the passages of DFs increased, while the values slightly changed when the passage of ADSCs increased from the 3rd to the 6th passage, and from the 6th to the 9th or 12th passage (**A**). The IC~50~ values of doxorubicin are nonsignificant between DFs and ADSCs at the 3rd passage; however, these values are significantly different between DFs and ADSCs at the 6th, 9th and 12th passages (**B**).**Abbreviations:** ADSCs, adipose-derived stem cells; DFs, dermal fibroblasts; IC~50~, the half maximal inhibitory concentration.

SEI Values of Doxorubicin on ADSCs, DFs, MCF-7 and HepG2 {#S0003-S2003}
--------------------------------------------------------

The SEI values of doxorubicin were calculated based on the IC~50~ of doxorubicin on DFs and ADSCs in two cases of HepG2 hepatocellular carcinoma cell screening and MCF-7 breast cancer cell screening. From the results of changes in IC~50~ values of doxorubicin on DFs at different passages, the SEI values also significantly changed when DFs at different passages were used. Indeed, these values gradually increased in the higher passages of DFs, for both HepG2 and MCF-7 screening.

For HepG2 cells, the SEI values of doxorubicin were variable between assays with different passages of DFs used. As shown in [Figure 3](#F0003){ref-type="fig"}, these values significantly increased when the higher passage of DFs were used: 9.00 ± 1.00 ng/mL at 3rd passage (PDL of 9.66), 11.17 ± 1.04 ng/mL at 6th passage (PDL of 14.41), 13.90 ± 1.15 ng/mL at 9th passage (PDL of 19.17), and 16.30 ± 0.61 ng/mL at 12th passage (PDL of 23.90) of DFs (p \< 0.05). The SEI values of doxorubicin calculated based on the IC~50~ values of doxorubicin on ADSCs were stable. The values for ADSCs for the 3rd to 12th passages of ADSCs used were as follows: 8.00 ± 1.00 ng/mL at 3rd passage (PDL of 9.80), 8.17 ± 0.76 ng/mL at 6th passage (PDL of 14.56), 8.60 ± 0.53 ng/mL at 9th passage (PDL of 19.31), and 8.33 ± 0.29 ng/mL at 12th passage (PDL of 24.07) of ADSCs (p \> 0.05) ([Figure 3A](#F0003){ref-type="fig"}).Figure 3The SEI values of doxorubicin on DFs and ADSCs at their different passages when compared to HepG2 and MCF-7 cells. (**A**) SEI values were significant increased as the passages of DFs increased from the 3rd to 6th, 9th and 12 passages- in the HepG2 model; however, the SEI values changed for ADSCs from the 3rd through 12th passage in that model. (**B**) Similarly, the SEI values also strongly increased when using DFs as the normal cell control, while the SEI values were nonsignificantly changed when ADSCs were used as the normal cell control in the MCF-7 model.**Abbreviations:** ADSCs, adipose-derived stem cells; DFs, dermal fibroblasts; SEI, side effect index.

For MCF-7 cells, the SEI values of doxorubicin, when evaluating DFs, significantly increased as follows: by 4.47 ± 0.42 fold at the 3rd passage (PDL of 9.66) of DFs, 6.50 ± 0.40 fold at the 6th passage (PDL of 14.41) of DFs, 8.33 ± 0.25 fold at the 9th passage (PDL of 19.17) of DFs, and 12.53 ± 0.45 fold at the 12th passage (PDL of 23.90) of DFs (p \< 0.05). The SEI values of doxorubicin, when evaluating ADSCs, seemed stable when ADSCs at the 3rd (PDL of 9.80), 6th (PDL of 14.56), 9th (PDL of 19.31) and 12th (PDL of 24.07) passages were used in the assays (2.83 ± 0.31 fold at 3rd passage of ADSCs, 3.47 ± 0.25 fold at the 6th passage of ADSCs, 4.00 ± 0.10 fold at the 9th passage of ADSCs, and 3.73 ± 0.21 fold at the 12th passage of ADSCs; p \> 0.05) ([Figure 3B](#F0003){ref-type="fig"}).

Discussion {#S0004}
==========

Anti-tumor activity screening is a popular assay in anti-cancer drug discovery. Ideally, the anti-cancer drug candidates are extracts or compounds that can inhibit cancer cell proliferation but not inhibit somatic normal cells. However, all anti-mitotic agents that can inhibit proliferation of cancer cells also inhibit normal cellular proliferation. Therefore, it is important that potential anti-cancer drugs strongly block the cancer cells but have minimal effect on normal cells. To determine this effect, normal cells such as fibroblasts have been used for a long time in virtually all anti-tumor activity screening. Dermal fibroblasts have been so popular for these screening studies because they are easy to isolate and expand. However, after using these cells for anti-tumor activity screening in some current projects, we discovered that fibroblasts may not be the most suitable cells to use as normal cell controls for screening. This report aimed to demonstrate some evidence on the range of IC~50~ values and SEI values of doxorubicin on dermal fibroblasts at different cell passages. We also suggest a new kind of cell for anti-tumor activity screening -- adipose-derived stem cells. The results showed that the IC~50~ values of doxorubicin on DFs were quite different when cell passage number as well as PDLs increased, while the IC~50~ values were more stable on ADSCs. The reason of this observation can be explained by the senescence of fibroblasts in in vitro culture conditions. We recognized that the cell proliferation of DFs gradually decreased (data not shown) when subcultured from the 3rd (PDL of 9.66) to 12th (PDL of 23.90) passage. Indeed, this was the main characteristic of cell senescence of DFs.

It seems that the senescent DFs were easily affected by doxorubicin more so than younger cells. The IC~50~ values of doxorubicin were remarkably reduced from the 3rd (PDL of 9.66) to 12th (PDL of 23.90) passage. In some published studies, the senescence of fibroblasts- after the number of passages- was also reported.[@CIT0018],[@CIT0019] The changes in IC~50~ values affected the SEI values of doxorubicin on HepG2 and MCF-7 cells, when compared to that of DFs, which was also significantly changed.

When we used ADSCs as normal cell controls the IC~50~ values, as well as SEI values, were more stable. Although the IC~50~ values had decreased in the 9th and 12th passages compared to the 3rd, these changes were not significant (p\>0.05). The SEI values of doxorubicin on HepG2 and MCF-7 cells, when compared to ADSCs, were nonsignificant (p\>0.05). These results suggest that the response of ADSCs toward doxorubicin was more constant. It may be that the ADSC senescence was slower than in DFs. Many reports have shown that ADSCs can maintain their phenotype and potential to the 13th passage[@CIT0020] or 15th passage.[@CIT0021] Indeed, as stem cells, ADSCs own their self-renewal potential.[@CIT0021] The SEI values show the side effects of anti-cancer drugs that can also kill normal cells in patients. These values will guide the selection of potential anti-tumor candidates for further experimentation, as well as for safety evaluation of any new anti-cancer drug. Although DFs have been used for a long time, the SEI values based on DFs are so variable. Therefore, the use of DFs in anti-tumor activity screening of anti-cancer drug candidates can produce some non-exact selection. ADSCs may be are a new choice as the normal cell control for anti-tumor screening.

Conclusion {#S0005}
==========

In conclusion, anti-tumor screening is the most popular assay used in drug discovery. To determine the side effects of anti-cancer drugs, as well as determining the anti-cancer drug candidates, normal cells were used to calculate the side effect index values. These values will show how these drugs kill cancer cells and normal cells. This study showed that the IC~50~ values and SEI values of doxorubicin on dermal fibroblasts can significantly vary among the different passages of fibroblasts, while the IC~50~ and SEI values are less variable when using ADSCs. Overall, our results suggest that ADSCs should be considered as an additional (second) normal cell control for anti-tumor activity screening.
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